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    1：固定相对过饱和度，通过改变自由能来制备氧化镍纳米粒子。本论文发
现当表面活性剂（SDS）的浓度为 0.2 g/ml 时，氧化镍的纳米粒子呈现出疏松的
网络结构。该结构下的氧化镍在高倍率（20 A/g）下循环 2000 圈后，进行倍率
测试发现在电流密度为 1 A/g 时，电化学比电容高达 2582 F/g。当电流密度达到
20 A/g 时，该样品的比电容仍有 450 F/g。 
    2：通过研究发现，相对过饱和度 小时，SDS 对氧化镍的形貌影响 大，
也就 容易得到疏松的结构；相对过饱和度增大时，SDS 所能起到的降低表面自
由能的效果有限，氢氧化镍均相成核速率很高，晶核数量密度很大。可以认为碱
性溶液中生成的氢氧化镍纳米晶由于吸附 OH-而带负电，溶液中 SDS 为阴离子
表面活性剂同样带有负电，导致 SDS 降低粒子的表面能有限。因此粒子的稳定
因子较小，反应产物的团聚现象非常的严重。 
    3：采用未表面改性过的碳纳米管和调节反应系统中的自由能，本论文发现
当表面活性剂（SDS）的浓度在 0.4 g/ml，可以得到 3 维球形的球形氧化镍附着
在碳纳米管上。该结构下的氧化镍在非常高的电流密度下（83.6 A/g），比电容可
达 1329 F/g，循环 1000 圈，容量保持率高达 90%。 















本论文发现当表面活性剂（SDS）的浓度在 0.2 g/ml，六水氯化镍的浓度为 0.06 
g/ml 时，可以得到蜂巢结构的氧化镍。该结构的氧化镍在电流密度为 59.4 A/g
时比电容可达 1800 F/g，循环 2000 圈，容量保持率高达 88%。循环完后，再进
行倍率性能测试。当电流密度为 3、6、12、18、24、30、59.4 A/g 时，氧化镍的
比电容分别为 2493、2377、2190、2056、1965、1909、1614 F/g，可见材料的可
逆性很好。 
    5：采用表面改性过的碳纳米管和调节反应系统中的自由能，所合成的氧化
镍/碳纳米管复合物均具有较好的电化性能。本论文发现当表面活性剂（SDS）的
浓度在 0.6 g/ml，在此条件下制备的氧化镍在非常高的电流密度下（83.6 A/g）比
电容可达 2300 F/g。但循环 2000 圈后，容量保持率仅有 70%左右，电化学稳定
性较差。 
 

















    Due to the fossil fuel energy depletion and global warming issues, we need 
explore and exploit the new energy such as solar radiation, wind and waves, which are 
variable in time and diffuse in space. These energy sources require more advanced 
energy storage and management devices. Supercapacitors offering transient but 
extremely high powers, are probably the most important next generation energy 
storage device. Nickel oxide is considered as a potential electrode material for 
supercapacitors because of its high specific capacity, low cost, easy preparation and 
environmental compatibility. However, nickel oxide has serious shortcoming of high 
resistance and low electrochemical utilization for practical application to 
supercapacitors. Based on the above consideration, manage to decrease the NiO 
particles scale and CNTs were considered for controlling the nanometer scale and 
microstructure of NiO to improve the high resistance and low electrochemical 
utilization. And to the best of our knowledge, NiO/CNT composites which are 
prepared hydrothermally have not been investigated so far. In this work, the influence 
factors of free energy, supersaturationm, carbon nanotubes on morphology and 
electrochemical performance of NiO were investigated. 
    1: we adjust the scale of NiO particles by changing free energy. When the 
amount of SDS is 10g, the NiO particles have loose 3d structure. The specific 
capacity is 2583 F/g at 1 A/g after 2000 cycles at high current density. And the 
specific capacity is also 450 F/g at 20 A/g. 
    2: In this work, we found that the less of supersaturation of precursor, the strong 
influence of SDS, the easier of obtaining loose structure. When increase the 
supersaturation of precursor, the rate of homogeneous nucleation is high, the amount 
of crystal nucleus is very high. We think crystal nucleus is electronegative because 
they adsorb hydroxyl ion in alkaline solution, but SDS is anion surfactant. Therefore, 
the stabilization coefficient of crystal nucleus is low and the aggregative 
phenomenon of particles is very serious. 















the free energy，we found when the amount of SDS is 20 g, we can obtain 
three-dimensional loose spheres adsorbing on the surface of carbon nanotubes. The 
specific capacity shows the largest specific capacitance of 1329 F/g as well as good 
cycle life during 1000 cycle in 1M KOH electrolyte at very high current density 84 
A/g by chronopotentiometry measurement.  
    4: By using carbon nanotubes(no surface modification) as skeleton and changing 
the free energy，we found when the amount of SDS and NiCl6H2O is 10 g and 3 g 
respectively, NiO nanoparticles look like honeycomb with loosen porous structure.  
The specific capacity shows the largest specific capacitance of 1800 F/g as well as 
good cycle life during 2000 cycle in 1M KOH electrolyte at very high current density 
59.4 A/g. The specific capacitance values of the NiO/CNT composites electrode after 
2000 cycled at 59.4 A/gare calculated to be 2493, 2377, 2190, 2056, 1965, 1909, 1614 
F/g corresponding to the charge/discharge current densities of 3, 6, 12, 18, 24, 30, 
59.4 A/g, which prove the reversibility of the sample is great. 
    5：By using carbon nanotubes(surface modification) as skeleton and changing the 
free energy，we found when the amount of SDS is 30 g, the sample has better 
electrochemical performance. The specific capacity shows the largest specific 
capacitance of 2300 F/g but cycle life during 2000 cycle is low in 1M KOH 
electrolyte at very high current density 83.6 A/g, which prove prove the reversibility 
of the sample is poor.  
 






















    目前人类还没有可持续的清洁能源系统，化石能源正日益显示出它的不可持


































表 1.1 超级电容器与传统静电电容器、电池性能的对比 
Table 1.1 Characteristics comparison of super capacitors with electrostatic capacitors 
and batteries 
 传统静电电容器 超级电容器 电池 
能量密度 <0.1 Wh/Kg 1-10 Wh/Kg 20-100 Wh/Kg 
功率密度 >1000 W/Kg 1000-2000 W/Kg 50-200 W/Kg 
充电时间 10-6-10-3 s 1-60 s 1-5 h 
充电效率 约 100% 90%-95% 70%-85% 
循环次数 无限次 >500000 500-200 
 


































长了车辆行程。研究表明：汽车以 100 km/h 的速度匀速行驶，则发动机所需提
供的功率在 10 kw 以下；而要使该车在 12 s 内由静止加速到 100 km/h 则所需峰
值功率为 60 kw。因此美国通用汽车公司即将推出的电动汽车就是采用超级电容
器加蓄电池作为驱动电源，超级电容器作为驱动电源的功率单元。 
    除了应用于电动车辆驱动电源外，超级电容器与蓄电池并联也可应用于各种
内燃发动机的电起动系统[9]，如：坦克、铁路内燃机车等，能有效保护蓄电池，
延长其寿命，减小其配备容量，特别是在低温和蓄电池亏电的情况下，确保可靠
启动。采用超级电容器作为电起动辅助装置的线路原理如图 l.1 所示，图中 C 为
超级电容器，XDC 为蓄电池组，XK 为蓄电池刀闸，QC 为起动接触器，MG 为
起动发动机，D 为二极管，T 为可控硅，R1 为限流电阻，R2 为充电限流电阻，
QBC 为起动泵接触器。其工作原理为:依照柴油发电机组起动的步骤，在闭合 XK




图 1.1 超级电容器应用于机车电起动装置的线路原理图 
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